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Abstract 

Maize, also known as the "queen of cereals," is a highly nutritious crop that requires a significant amount of 
nutrients to grow. It is particularly sensitive to deficiency of sulphur. It plays a significant role in the synthesis 
of chlorophyll, oil, and protein. A field experiment was conducted at Rashtriya Chemicals and Fertilizers 
Limited in Mumbai, Maharashtra, during the Kharif season 2023, to assess the impact of elemental sulphur 
application and foliar spray of multi micronutrient on maize plant growth and uptake of nutrients by maize as 
well as the post-harvest status of soil. The experiment was laid out in Randomized Block Design (RBD) with 
five treatments that were replicated six times each. T1 is the absolute control, T2 is 100% RDF, T3 is the RDF 
NPK with 45 kg/ha of elemental S, T4 is the RDF NPK with 45 kg/ha coupled with foliar spray of multi 
micronutrient, and T5 is the RDF NPK with foliar spray of multi micronutrient. The results indicated that 
application of 45 kg of S per hectare, in combination with a foliar spray of multi micronutrients, resulted in 
remarkable growth parameters of maize crops. These included plant height, cob height, yield (in kg/ha), dry 
weight per plant and also the uptake of essential nutrients. This was markedly higher when compared to the 
other treatments. Except 100 grain weight which was at par with other treatments. While girth of cob and 
protein content were found non-significant. The study reports suggest that the combined use of S and 
multimicronutrient in maize crop positively impact the uptake of nutrients and growth attributes. 

Keywords: Maize, Inductively Coupled Plasma Spectrophotometer (ICP-OES), Soil, Fertilizer, Elemental 
sulphur(S), Micronutrient foliar application, RDF, RBD. 


1. Introduction 


Maize is considered the third most important crop, 
following wheat and rice. It stands out amongst all 
grain crops due to its ability to yield higher 
productivity in a shorter duration. This versatile and 
prominent crop can thrive under various agro- 
climatic conditions, making it a widely adaptable 
option. Furthermore, maize is the only cereal crop 
that can be successfully cultivated during different 
seasons such as Rabi, Kharif, and spring. This could 
potentially result in a doubling of farmers’ income, 
as each part of maize holds its own economic value. 
Maize is a rich source of protein (9-10%), starch 
(71-72%), fibre (4-45%), sugar (2-3%), and 
minerals (1.4%) of dry matter (Ganesh kumar koli 


et al.,2022) [1]. Maize is a versatile crop that serves 
as a fundamental raw material for a vast array of 
industrial products, including starch, oil, protein, 
alcoholic beverages, pharmaceuticals, food 
sweeteners, cosmetics, gum, films, _ textiles, 
packaging materials and paper. Its numerous uses 
make maize an essential component in multiple 
industries [2]. India ranks seventh among the top 
maize-producing countries worldwide. 
Furthermore, it holds the fourth position in terms of 
the total area dedicated to maize cultivation. As per 
the data provided by Agricultural statistics at a 
glance, its production was 33.62 million tonnes 
from an area of 10.04 million ha with productivity 
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3.3 tonnes/ha (2021-2022). The maize growing 
states are Karnataka (15.87%), Madhya Pradesh 
(13.98%), Maharashtra (12.90), Tamil Nadu 
(3.99%). The country has exported 3,453,680.58 
MT of maize to the world for the worth of Rs. 
8,987.13 crores/ 1,116.17 USD Millions in 2022-23 
(Apeda 2023) [3, 4]. Sulphur is typically classified 
as a secondary nutrient, but it is now being 
recognized as the fourth macronutrient alongside 
Nitogen, Phosphorous and potassium (Tondon et al 
2002) [5]. According to report by the Sulphur 
institute (TSI,2020) [6]. 40 percent of arable land in 
India suffer from extreme Sulphur deficiency (Singh 
et al.,2001) [7]. Sulphur deficiency is a widely 
observed issue resulting from the absence of organic 
manure incorporation, soil leaching, erosion, 
intense cropping practices, and the use of Sulphur- 
deficient fertilizers (R Arirman et al., 2020) [8]. The 
utilization of S in agriculture has gained significant 
attention for its crucial role in enhancing crop 
quality and yield. This is especially important as 
there is an increasing trend towards the use of S-free 
fertilizers and a decrease in the application of 
organic manures (Raina et al., 2005) [9]. Improving 
plant nutrition management is crucial for boosting 
maize production, as mismanagement in this area is 
considered to be the primary issue. In order to 
achieve higher yields, it is imperative that we 
improve this key aspect of production technology. 
A fundamental element of effective nutrient 
management is balanced fertilization, which plays a 
critical role in enhancing crop productivity. This 
involves applying a well-balanced mix of essential 
nutrients such as nitrogen, phosphorus, potassium, 
and sulfur to support major processes in plant 
development and yield formation. (Randhawa et al., 
2000; Saleem et al., 1984) [10]. When Sulphur 
combined with the recommended dose of fertilizers, 
these help combat multinutrient deficiency and 
improve nutrient uptake, efficiency and production 
(Akhilesh kumar et al.,2012; Bharathi. C et al., 
2008; Raman K et al., 2011) [11-13]. Sulphur is a 
crucial component of amino acids such as cysteine, 
cysteine, and methionine, making it essential for the 
formation of proteins. Therefore, it plays a 
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significant role in protein synthesis (Jamel et al., 
2010) [14]. Yellowing of young or newly formed 
corn leaves is a common sign of Sulphur deficiency, 
causing interveinal chlorosis and reddish stems and 
leaves. Older leaves may remain green despite 
deficiency (Tiwari,K.N et al., 2006) [15]. A lack of 
sulfur can result in a notable decrease in cereal crop 
productivity ( Zhao FJ et al 2001) [16]. 
Micronutrient deficiency is a global issue affecting 
soil and plants, affecting growth, flowering, fruit 
set, higher yield, quality and post-harvest life of 
horticultural products. (Raja,E.M.et al 2009; 
Ram,R.A. et al 2000 ; Shekhar C et al 2010) [17- 
19]. While inadequate quality leads to decreased 
productivity (Karuna,S, et al 2019; Zagade,P.M et al 
2017) [20, 21]. During adverse conditions, soil 
application alone may not sufficiently fulfill the 
nutrient needs of crops. In such situations, foliar 
spraying of micronutrients is required for nutrient 
supplementation (Oosterhuis,D et al2009) [22]. The 
factors affect like Soil types, crop plant nature, and 
soil management practices significantly impact the 
concentration of available S and micronutrients in 
soils (Fageria,N.K, et al2002; Scherer,H.W et 
al2001) [23, 24]. 

2. Methodology 

A field experiment was executed at the premises of 
Rashtriya Chemicals and Fertilizers Limited, 
Mumbai Maharashtra during the kharif season of 
2023 on maize crop (Zea mays L). The objective of 
this experiment was to investigate the impact of 
applying elemental sulphur at a rate of 45 kg/ha, in 
combination with a foliar spray of micronutrients 
(Cu 1.0%, Zn 3.0%, Mn 1.0%, Fe 2.5%, B 0.5%, Mo 
0.1%) on the growth and total nutrient uptake by 
maize plants in a red slightly alkaline soil. Soil 
analysis was carried out both at the beginning 
(April) and after harvest (August) using the Food 
and Agricultural Organization (FAO) [25, 26] 
method to assess the physicochemical properties of 
soil and plant physical parameters. The experiment 
was laid out in randomized block design. Five 
treatments with six replicates were set up on a field 
for the summer. A total of 30 plants made up each 
replicate, each replicate had one square meter area. 
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Each plot had five plants. At the time of sowing, 
four treatments were applied: 120 kg/ha of nitrogen, 
60 kg/ha of phosphorous, and 40 kg/ha of potassium 
as a basal dose. In addition, a basal dose of compost 
and elemental Sulphur as a source of sulphur were 
combined and applied. Furthermore, the primary 
nutrients of Suphala (N15:P15:K15), urea, and 
diammonium phosphate were also employed. After 
a period of sixty days, during the blossoming stage, 
micronutrients were applied through spraying. 
Following this stage, a random selection of twelve 
plants from each treatment was chosen for analysis 
of their chemical and physical properties. 
2.1. Plant and Chemical Analysis 
The entire crop was completely harvested at 
physiological maturity stage (120 DAS), and 
samples of the soil and plants were taken for 
examination. The harvested plants from each 
treatment were sun dried. The parts of plants viz. 
root, stem leaves and fruit were separated. The 
micronutrients were extracted from the parts of 
plants through wet acid digestion method. The 
filtrate was used for determining the micronutrients 
using an Inductively Coupled Plasma 
Spectrophotometer to determine the levels of 
several nutrients, including P, K, S, Cu, Zn, Mn, Fe, 
B, and Mo.[Miller et al.,2013] [27]. The Kjeldahl 
method was used to determine the N content. Using 
a spectrophotometer, the protein was estimated 
using Lowry's technique [28]. The treatment details 
are as shown in Table 1. 
Table 1 Treatments Details 
S. No Treatment 
Control 
100% RDF 
100% RDF + Elemental S 


100% RDF + Elemental S + 
Micronutrient 


5 100% RDF + Micronutrient 


By) WD] = 


2.2. Statistical Methods 
The data obtained was statistically analyzed as per 
the procedures laid by Panse and Sukhatme (1985) 
[29]. 
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2.3. Physico-Chemical 
Sowing Soil 
Before conducting experiment, a composite soil 
sample at 0-15 cm depth was taken for 
determination of soil physico-chemical properties 
presented in Table 2. The experimental soil was 
characterized with slightly alkaline pH, normal in 
conductivity, low in nitrogen and medium in 
phosphorous. In addition, soil had high potassium 
content but deficient of Sulphur nutrient and 
micronutrients like zinc, iron, boron, and 
molybdenum, and had _ sufficient copper and 

manganese content (Table 2). 


Properties of Pre- 


Table 2 Initial Soil Properties of Experimental 


Site 
S. No Parameters Values 
ik pH 7.1 
2 Ec 110.1ds/ms 
3 Nitrogen 162.53 kg/ha 
4 Phosphorous 20.65 kg/ha 
> Potassium 412.5kg/ha 
6 Sulphur 16.52 kg/ha 
a Copper 1.93 mg/kg 
8 Zinc 1.09mg/kg 
9 Manganese 32.85mg/kg 
10 Iron 13.62 mg/kg 
11 Boron 0.24 mg/kg 
12 Molybdenum 0.39 mg/kg 
3. Results 


3.1. Yield and Yield Attributes 

Plant growth was recorded after sowing of Maize, 
12 plants per treatment were tagged and used for 
recording of different parts of maize parameter. A 
random samples of 12 plants from each treatment 
were taken at harvesting time (120 DAS) to 
determine the following characters like height of 
plant, height of cob, girth of cob, 100 seed weight, 
yield kg/ha, dry weight, and protein content. 


International Research Journal on Advanced Engineering Hub (IRJAEH) 


909 


IRJAEH 


International Research Journal on Advanced Engineering Hub (IRJAEH) 
e ISSN: 2584-2137 
Vol. 02 Issue: 04 April 2024 
Page No: 907 - 919 


https://irjaeh.com 


https://doi.org/10.47392/IRJAEH.2024.0 127 


Table 3 Plant Growth Yield and Yield Parameters 


S. | Treatment Plant Height of | Girth of | 100Seed | Dry wt/| Yield | % 
No Height cob cob wt/ plant | plant kg/ha | Protein 
(gm) (gm) content 

1 control (T1) 110.2 10.6 3.57 32.69 117.8 4990 8.61 
100% RDF(T2) 142.5 13.8 3.91 35.96 129.5 5891.7 | 8.71 

3 100 % RDF +} 159.3 17.3 4.12 39.88 145 7053.3 | 8.85 
Elemental S (T3) 

4 100 % RDF +] 170.9 19.5 4.25 41.22 155.5 8191.7 | 9.29 
Micronutrient + 
Elemental S (T4) 

5 100 % RDF +} 162.8 17.2 4.01 37.95 143.1 6451.7 | 8.69 
Micronutrient (T5) 
SEM+_ 1.48 0.24 0.23 0.44 2.18 151.11 | 0.27 
CD (.05) 4.36 0.71 NS 1.30 6.42 445.76 | NS 
CV % 2.43 3.76 14.42 2.87 3.86 5.68 77.48 


TI: Absolute control, T2: RDF Alone, T3: RDF + elemental sulphur, T4: RDF+elemental sulphur+ foliar spray of 
Mixture of micronutrients, T5: RDF + foliar spray of mixture of micronutrient. 


The data presented in Table 3 highlights the impact 
of different treatments on the growth and yield 
characteristics of maize crops. The application of 45 
kg/ha of elemental sulphur in conjunction with a 
foliar spray of multi micronutrients (Cu (1.0%), Zn 
(3.0%), Mn (1.0%), and Fe (2.5%) B (0.5%) and Mo 
(0.1%), has Exhibited the best attributes as 
evidenced by the height of plant, height of cob, yield 
kg/ha, dry weight, 100 seed weight. This was 
significantly superior to the 100% RDF, 100% 
RDF+Elemental Sulphur+ 100% RDF+ 
micronutrients, and the control. 

Plant Height: There was a statistically significant 
difference (P<0.05) observed among the various 
individual treatments in their impact on the plant 
height. Notably, T4 (NPK+S+Mn) showed the most 
favorable results in this regard. The highest plant 
height (170.90cm) followed by T5 (162.8cm), T3 
(159.3cm), T2 (142.5cm) and T1 (110.2cm). The 
findings from our experiment are in line with the 
previous results reported by Raghu ef al.,2017on 
sunflower. 

Height of Cob: In terms of cob height, there was a 
statistically significant difference (p<0.05) observed 
among the various treatments used. T4 
(NPK+S+Mn) showed the most superior results in 


other treatments. The highest cob height (19.5cm) 
followed by T3 (17.3cm), T5 (17.2cm), T2(13.8cm) 
and while the control having minimum height of cob 
T1 (10.6). This finding aligns with the data reported 
by Pavithra et al.,2018 [30, 31]. 

100 seed weight/plant: Application of Sulphur 
along with the foliar application of 
multimicronutrients had significantly (p<0.05) 
affected among the various treatments. Results in 
Table 3 showed that 100 grain weight in maize was 
higher in T3 (39.88gm) at harvesting stage, it 
remaining at par with T4 (41.22gm). While the 
minimum 100 grain weight was found in control T1 
(32.69 gm). Our results are matched with Bhararhi 
et al.,2008 who stated application of 45kg/ha of 
Sulphur significantly influence the 100 grain 
weight. 

Dry weight/plant: Table 3 displays the dry weight 
per plant, which was significantly (p<0.05) 
impacted by the different treatments. Among all the 
treatments, T4 (NPK+S+Mn) exhibited the most 
superior results. The highest dry weight per plant 
was recorded in T4 (155.5gm), followed by T3 
(145gm), T5 (143.1gm), and T2 (129.5gm), while 
the control group had the lowest dry weight per 
plant of Tl (117.8gm). Pandey ef al.,2008 and 
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Rahman ef al.,2011 reported that application of 
elemental sulphur significantly increase the dry 
weight [32, 33]. Similar result were reported by 
Kumar et al 2014 [34]. 

Yield kg/ha: The data shows in Table 3, the yield 
of maize was a Statistically significant difference 
(p<0.05) among the different treatments used. 
Specifically, T4 (NPK+S+Mn) showed the most 
superior results compared to other treatments. The 
maximum yield of T4 was 8191.7kg/ha, followed by 
T3 at 7053.3kg/ha, TS at 6451.7kg/ha, and T2 at 
5891.7kg/ha. The lowest yield was observed in the 
control group, T1, with a yield of only 4990 kg/ha. 
Maurya et al., documented a significant increase in 
yield attributes with 45 kg/ha of sulphur application 
than control, same report were documented by Rego 
et al.,2007 and Enas E. et al..2023 that the addition 
of Zn and other micronutrients has been shown to 
result in an increase in maize grain yield [35-37]. 
Protein: The data of protein content are given in 
Table 3. It showed no significant effect on protein 
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(p<0.05) among the different treatments used. The 
comparison of individual treatments showed the 
content of protein in range from 8.61% to 9.29%. 
Girth of Cob: The data of girth of cob are given in 
Table 3. It showed no significant effect on girth of 
cob (p<0.05) among the different treatments used. 
The comparison of individual treatments showed 
the girth of cob in range from 3.57cm to 4.25cm. 
3.2. Total Nutrient Uptake 

Data on primary, secondary and micronutrient 
uptake by whole maize plant is shown in Table 4. It 
is clear from Table 4 that nutrients uptake in 
different part of maize like root, stem, leaves and 
fruits at harvesting stage was significantly (p<0.05) 
affected by different treatments. The results in total 
uptake by maize was significantly highest in T4 
(RDF application of 45 kg/ha of sulphur along with 
foliar spray of (Cu (1.0%), Zn (3.0%), Mn (1.0%), 
and Fe (2.5%) B (0.5%) and Mo (0.1%), for all the 
nutrients in Table 4. 


Table 4 Total Nutrient Uptake by Plant 


Mo 
S. N P K S Cu Zn Mn Fe B gm/h 
No _ | Treatment Kg/ha | kg/ha | kg/ha | kg/ha | gm/ha | gm/ha | gm/ha | gm/ha | gm/ha | a 
4956.2 
1 control (T 1) 369.05 | 17.38 | 58.48 | 8.78 246.82 | 481.83 | 301.55 | 5 106.15 | 1.60 
100% 5267.8 
2 RDF(T2) 449.67 | 23.27 | 88.65 | 14.38 | 356.71 | 682.22 | 412.97 | 17 136.87 | 2.32 
100 % RDF + 
Elemental S 116.8 
3 (T3) 554.28 | 28.51 | 7 21.32 | 489.00 | 796.97 | 576.10 | 6758.3. | 179.90 | 3.36 
100 % RDF + 
Micronutrient 
+ Elemental S 126.8 
4 (T4) 688.97 | 35.13 | 2 23.49 | 564.99 | 919.55 | 612.52 | 7112.1 | 215.43 | 4.26 
100 % RDF + 
Micronutrient 5847.1 
5 (T5) 520.05 | 29.86 | 98.06 | 16.22 | 471.57 | 873.18 | 464.18 | 33 203.77 | 4.05 
SEM+_ 12.12 | 0.58 1.69 0.81 8.49 16.39 | 12.34 162.55 | 4.08 0.07 
CD (.05) 35.75 | 1.72 4.99 2.40 25.04 | 48.35 | 36.41 479.53 | 12.03 | 0.21 
CV % 5.75 5.31 4.24 11.84 | 4.88 5.35 6.39 6.65 5.93 5.68 


Total Nitrogen Uptake: Results in Table 4, showed 
that N uptake by maize crop is significantly 


(p<0.05) affected by different treatments. Sulfur 
application and foliar spray of multi micronutrients 
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by different methods. From the data it is clear that 
maximum N uptake (688.97 kg/ha) was resulted 
from the Treatment T4 where followed by T3 
(554.28kg/ha), TS (520.05 kg/ha), T2 (449.67 
kg/ha), while lowest uptake (32.02 kg ha-1) was 
calculated in control plot. According to Sakal's 
(2000) report, the increased uptake of nutrients can 
be attributed to the rising sulfur levels leading to an 
increase in nitrogen content within plants [38]. 
Total Phosphorous Uptake: Data on phosphorous 
uptake in Table 4 showed that total phosphorous 
uptake by maize is maximum in T4 at harvested 
stage. Phosphorous uptake was higher in T4 
(35.13kg/ha). Followed by TS (29.86 kg/ha), T3 
(28.51kg/ha), T2 (23.27 kg/ha) respectively. While 
the minimum uptake of phosphorous was found in 
control (17.38kg/ha). Sulphur application resulted 
in improved root development and enhanced 
phosphorous uptake. Same results were finding by 
Basumatary and talukdar (2011) [39]. 

Total potassium Uptake: The Results in Table 4 
showed that total potassium uptake by maize is 
maximum in T4 at harvested stage. Potassium 
uptake (126.82kg/ha).was noted higher in T4 
Followed by T5 (29.86 kg/ha), T3 (28.51kg/ha), T2 
(23.27 kg/ha) respectively. While the minimum 
uptake of phosphorous was found in control 
(17.38kg/ha). While the minimum uptake of 
potassium was found in control (58.48kg/ha). It 
may be due to the Interaction effect between 
Sulphur and potassium resulted in the positive 
influence of on nutrient uptake by crop. Similar 
finding were reported by Dwivedi et al (2002) and 
Talaab et al (2008) [40, 41]. 

Total Sulphur Uptake: Results in Table 4 showed 
that sulphur uptake in maize was higher in T3 (21.32 
kg/ha) at harvesting stage, it remaining at par with 
T4 (23.49 kg/ha). Followed by T5 (16.22 kg/ha), T2 
(14.38 kg/ha). While the minimum uptake of 
sulphur was found in control (8.78kg/ha). The 
higher Sulphur uptake in maize resulted in greater 
uptake of Sulphur in plant. Similar findings are 
reported by Duraiswami,V.P et al., (2007) [42]. 
Total Copper Uptake: The findings in Table 4 
demonstrate that maize exhibits the highest total 
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copper uptake in T4 at the harvest stage.copper 
uptake was higher in T4 (564.99gm/ha). Followed 
by T3  (489.0gm/ha),TS5  (471.57gm/ha),T2 
(356.71gm/ha). While the minimum uptake of 
copper was found in control (246.82gm/ha). 
According to Etang et al foliar application of copper 
to maize has been shown to not only improve 
production, but also increase tissue content [43]. 
Total Zinc Uptake: According to the data 
presented in Table 4, it was observed that maize 
plants in T5 had a significantly higher zinc uptake 
of Zinc (873.18gm/ha) at the harvesting stage, It 
remaining at par with T4 (919.55gm/ha). Followed 
by T3 (796.97 gm/ha), T2 (682.22 gm/ha) While the 
minimum uptake of zinc was found in control T1 
(481.83 gm/ha). The results of uptake of zinc in T5 
increases may be due to foliar application of multi 
micronutrient. Our results are finding with Borges 
2009 maize crop were observed maximum zinc 
content at physiological maturity. 

Total Manganese Uptake: Results in Table 4 
showed that manganese uptake in maize was higher 
in T3 (576.10gm/ha) at harvesting stage, it 
remaining at par with T4 (612.52gm/ha). Followed 
by T4 (464.18 gm/ha), T2 (412.97 gm/ha). While 
the minimum uptake of manganese was found in 
control Tl (301.55gm/ha). According to Gurpreet 
Kaur Gill et al, similar results have been 
documented on soyabean [44]. 

Total Iron Uptake: The data in Table 4 indicates 
that the highest level of Iron uptake in maize occurs 
in T4. at harvested stage. Iron uptake was higher in 
T4 (7112.1lgm/ha). Followed by T3 (6758.3 
gm/ha),T4(5847.13 gm/ha), T2 (5267.81gm/ha). 
While the minimum uptake of Iron was found in 
control (4956.25/ha). Similar findings are reported 
by Ravi S et al on safflower. 

Total Boron Uptake: Results in Table 4 showed 
that boron uptake in maize was higher in T5 
(203.77gm/ha) at harvesting stage, it remaining at 
par with T4 (215.43gm/ha). T4 (179.90 gm/ha), T2 
(136.87 gm/ha), While the minimum uptake of 
boron was found in control Tl (106.15gm/ha). 
Samota et al documented that foliar spray of 
micronutrients increases the uptake of boron [45]. 
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Total Molybdenum Uptake: Results in Table 4 
showed that molybdenum uptake in maize was 
higher in TS (4.05gm/ha) at harvesting stage, it 
remaining at par with T4 (4.26gm/ha). Followed by 
T3(3.36gm/ha), T2 (2.32gm/ha) While the 
minimum uptake of molybdenum was found in 
control T1 (1.60gm/ha). Steiner and ZoZ revealed 
that the elevated level of Mo (molybdenum) found 
in maize leaves suggests that these plants possess 
efficient mechanisms for absorbing this nutrient 
through their foliage [46, 47]. 
4. Discussion 
4.1. Effect of NPK and Elemental Sulphur 
along with Foliar Spray of 
Multimicronutrient on the Yield of Maize 
Based on the collected data, it was determined that 
the majority of the study’s parameters were more 
positively impacted by the application of 45kg/ha of 
elemental Sulphur along with NPK and foliar spray 
of multi micronutrients (Cu (1.0%), Zn (3.0%), Mn 
(1.0%), and Fe (2.5%) B (0.5%) and Mo (0.1%). 
This application showed promising performances 
with respect to its effect on height of plant, height of 
cob, girth of cob, 100grain weight, dry weight/plant, 
yield kg/ha, and protein compared to the other 
treatments. RDF alone (T2) cannot completely 
satisfy the requirements of plants. The addition of 
only S (RDF+45kg/ha) also did not have a 
significant effect on the crop yields, but the foliar 
application of micronutrients Cu (1.0%), Zn (3.0%), 
Mn (1.0%), and Fe (2.5%). B (0.5%), Mo (0.1%) 
improved the overall growth of the crop, making it 
better than the (RDF+micronutrients). These 
observations are similar to the results obtained by 
Bavug,A et al.,2023 and Duraiswami et a.,/ 2007on 
maize, [48, 49]. And same results were also reported 
by (Nayak A., et al 2023) and (Abd EL-Kader et 
al.,2013) on Peanut and (EL.sayed ef al.,) on garlic, 
(Gurpreet k et al.,2010 ) on soyabean [50-53]. A 
lack of sulphur can negatively impact crop yields, as 
it affects the availability and utilization of important 
nutrients such as nitrogen, phosphorus, and 
potassium by the crops. Micronutrient elements 
such as Cu, Zn, Mn, Fe, Bo and Mo _ are known to 
be essential for plant growth. Furthermore, 
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Adekayode et al.,2010 and reported that numerous 
studies highlight the necessity of utilizing various 
essential nutrients, including nitrogen (N), 
phosphorus (P), potassium (K), sulphur (S), and 
trace elements, to enhance crop productivity. As 
reported by Al-Bayati et al.,2009 the use of 
agricultural sulphur resulted in a significant increase 
of in plant height compared to the control group 
[54]. This can be attributed to several factors, 
including improved soil fertility, enhanced nutrient 
solubility, and decreased nitrogen loss through 
volatilization. The application of 45kg/ha of 
elemental Sulphur along with NPK and foliar spray 
of multi micronutrients (Cu (1.0%), Zn (3.0%), Mn 
(1.0%), and Fe (2.5%) B (0.5%) and Mo (0.1%) in 
T4 has shown a profound effect on plant growth and 
yield.. According to Zhang et al.,2016 applying a 
balanced fertilizer causes plants to develop faster, 
making them taller and greener [55]. The grain and 
stover yield increase may be due to the additional 
availability of multi micronutrient as _ foliar 
application, which had an advantageous impact on 
growth, metabolism, physiological functions, and 
other factors that directly contribute to increased 
grain output. Gahlout et al. (2010) found that 
sulphur application enhances maize yield attributes 
through improved vegetative structures, nutrient 
absorption, photosynthesis, reproductive structures, 
and assimilate production., this was further 
supported by Srinivas Rao et al. (2010) [56, 57]. 
Also, Zinc (Zn) and iron (Fe) are critical 
micronutrients essential for promoting optimal plant 
growth, as highlighted by Muthukumararaja et 
al.2012 and Kumar et al. 2012 [58, 59]. According 
to Kassab et al.,2004 and Zeiden et al.,2010 it has 
been reported that micronutrients have a positive 
synergistic effect on biochemical and physiological 
processes, as well as plant growth [60, 61]. 
Bhagyalakshmi ef al 2010 added that he elongation 
of the cob could potentially be attributed to the 
enhancement of protein metabolism caused by the 
application of sulphur [62]. However, using a well- 
balanced mixture of secondary nutrients, such as 
sulphur and a multi micronutrient combination, in 
addition to RDF improved the quality and amount 
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of the yield by increasing its uptake. Pavithra.M et 
al 2018 and Jeet,S. et al 2012 stated that application 
45 kg/ha of elemental sulphur enhanced the overall 
growth of the maize [63, 64]. According to Jasim. 
M et al.,2023 the increased chlorophyll production 
and auxin metabolism observed in this studies could 
be attributed to the interaction between iron, zinc, 
and sulfur [65]. This enhancement led to improved 
plant growth as treatment T4 effectively provided 
the necessary nutrients for plant development. The 
presence of sulfur appears to have a significant 
impact on enhancing the metabolic utilization of 
sulfur in plants, leading to increased mitotic activity 
and promoting greater apical growth and 
photosynthetic surface area. These findings are in 
accordance with previous study by Raja et al.,2007 
[66]. However, using a well-balanced mixture of 
secondary nutrients, such as sulphur and a multi 
micronutrient combination, in addition to RDF 
improved the quality and amount of the yield by 
increasing its uptake. Increase in plant height and 
dry weight may be attributed to the application of 
sulphur and foliar spray of micronutrients, as these 
substances have been shown to have positive impact 
on metabolic and _ photosynthesis activities. 
Additionally the reduction of nitrates and sulphates 
may have contributed to the overall growth of the 
plants (Maize in tropic). According to Rop et al, 
2017 the combined use of NPK and secondary 
micronutrients maximizes nutrient absorption and 
improves overall plant performance [67]. Sisodiya 
et al.,2017and Chaudhary et al.,1996 observed that 
addition of sulphur has positive effects via reducing 
soil pH and enhancing soil physical condition. This 
enhanced nutrient uptake has led to increased 
vegetative growth, ultimately | enhancing 
photosynthesis and overall plant growth [68, 69]. 
4.2. The Combined Impact of NPK Fertilizer 
and Elemental Sulfur, alongside Foliar 
Application of A Multi Micronutrient 
Spray, on the overall Nutrient Uptake of 
Maize Plants 
Data on primary, secondary and micronutrient 
uptake by whole maize plant as described in Table 
4 it clearly shown that total nutrients uptake in 
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different parts of maize crop like root, stem, leaves 
and fruit at harvesting stage was significantly 
affected by different treatments. The increased 
uptake was attributed to both improved nutrient 
availability through fertilization and higher yields of 
grain and straw in the treated group, as compared to 
the control. The results on total uptake by maize was 
significantly higher in T4 (RDF + application of 45 
kg/ha of elemental sulphur along with a foliar spray 
of multi micronutrients (Cu (1.0%), Zn (3.0%), Mn 
(1.0%), and Fe (2.5%) B (0.5%) and Mo (0.1%), for 
all the nutrients (Table 4). Except Zn, Mn, B and Mo 
they are at par with the other treatments. The 
treatment T3 (RDF + application of 45 kg/ha of 
elemental sulphur considered as next best treatment 
which shown better uptake of nutrients. The uptake 
of nutrients by a whole crop is dependent on the 
plant's nutrient content and the dry matter 
production per unit area. Through the application of 
fertilizers, there has been a gradual increase in 
nutrient uptake by crop. Foliar application of 
micronutrients has the potential to enhance the 
nutrient status and physiological performance of 
maize plants (Havlin,J et al.,2003) [70]. The 
utilization of micronutrients in conjunction with 
macronutrients has been shown to enhance crop 
yield and promote better nutrient uptake, surpassing 
the effectiveness of standard fertilization methods 
that do not incorporate micronutrients (BakrY,M.A, 
et al.,2009) [71]. The addition of fertilizers 
containing NPK and secondary micronutrients has 
been shown to enhance the photosynthesis process 
in maize plants, resulting in improved growth and 
overall health. The rise in overall N, K, and Zn 
uptake can be ascribed to the synergistic effect of N 
and Zn, as well as the beneficial interaction between 
K and Zn. These results are consistent with the 
findings of Ashoka et al., 2008 [72]. Onwudiwe et 
al 2014 reported that the presence of micronutrients, 
specifically zinc and copper, may enhance the 
ability of maize plants to defend against threats [73]. 
According to Ashoub et al. 1998 the application of 
manganese resulted in increased dry weight per 
plant, grain yield, stover yield, and Mn uptake in 
crops [74]. Micronutrients like B enhance pollen 
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tube germination, grain metabolism, root growth, 
protein and carbohydrate synthesis, leading to 
increased grain yield, as demonstrated by Moeinian 
et al.,2011 [75]. Zinc, iron, and manganese are 
positively charged ions that must be transferred 
from the soil solution into the roots. These essential 
micronutrients are subsequently distributed among 
various parts of the plant [Bennett, E.J et al.,2011] 
[76]. There may be a correlation between the higher 
availability of plant nutrients from the soil reservoir 
and the increase in nutrient uptake. This could also 
be attributed to the additional supply of nutrients 
through foliar application and chemical fertilizers. 
Conclusion 

The present work of research suggests that the of 
application of 45kg/ ha of elemental sulphur along 
with RDF and foliar application of multi 
micronutrients Cu 1.0%, Zn 3.0%, Mn 1.0%, Fe 
2.5%, B 0.5%, and Mo 0.1% at bud initiation stage 
leads to higher growth and yield components and 
greater uptake of micronutrients. The sole 
application of NPK resulted in a significant increase 
in maize yield and its related parameters. However, 
it was the combined incorporation of secondary 
nutrients, micronutrients, and NPK that truly made 
a notable impact on the research outcome. The result 
of this treatment showed that the combine effect of 
secondary nutrient and _ foliar spray of 
multimicronutrient along with NPK had a very 
positive impact on the height of plant, length of cob, 
girth of cob, 100grain weight, dry weight/plant, yield 
of cob, protein content. The utilization of balanced 
fertilizers has been proven essential in achieving 
maximum yield, as demonstrated by the 
experimental control treatment. The treatment 
devoid of sulphur and micronutrients has shown 
lowest yield characteristics as well uptake. These 
findings confirm the role of elemental sulphur in 
enhancing the uptake of micronutrients by crop. 
Implemention of the finding of the experiment the 
yield of maize can be increased substantially. 
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